transporting cells are located in several tissues where they acidify the extracellular environment. These cells express the vacuolar H ϩ -ATPase (V-ATPase) B1 subunit (ATP6V1B1) in their plasma membrane. We provide here a comprehensive catalog of the proteins that are expressed in these cells, after their isolation by enzymatic digestion and fluorescence-activated cell sorting (FACS) from transgenic B1-enhanced green fluorescent protein (EGFP) mice. In these mice, type A and B intercalated cells and connecting segment cells of the kidney, and narrow and clear cells of the epididymis, which all express ATP6V1B1, also express EGFP, while all other cell types are negative. The proteome of renal and epididymal EGFP-positive (EGFP ϩ ) cells was identified by liquid chromatography-tandem mass spectrometry (LC-MS/MS) and compared with their respective EGFP-negative (EGFP Ϫ ) cell populations. A total of 2,297 and 1,564 proteins were detected in EGFP ϩ cells from the kidney and epididymis, respectively. Out of these proteins, 202 and 178 were enriched by a factor greater than 1.5 in EGFP ϩ cells compared with EGFP Ϫ cells, in the kidney and epididymis respectively, and included subunits of the V-ATPase (B1, a4, and A). In addition, several proteins involved in intracellular trafficking, signaling, and cytoskeletal dynamics were identified. A novel common protein that was enriched in renal and epididymal EGFP ϩ cells is the progesterone receptor, which might be a potential candidate for the regulation of V-ATPase-dependent proton transport. These proteomic databases provide a framework for comprehensive future analysis of the common and distinct functions of V-ATPase-B1-expressing cells in the kidney and epididymis. intercalated cells; mass spectrometry; proteome; proton secretion; clear cells SPECIALIZED PROTON-SECRETING cells are located in several tissues that are involved in acid/base regulation. These cells belong to the mitochondria-rich cell family, indicating that they have a high energy requirement to achieve their characteristic functions (8). Among these cells are intercalated cells (IC) of the kidney (59) and narrow and clear cells of the epididymis (6, 9). The epididymis is a long, convoluted tubule located downstream of the testis and is the site where sperm mature and are stored (32, 43, 52) . Renal intercalated cells regulate systemic acid/base balance, while narrow and clear cells establish an acidic environment in the lumen of the epididymis, a process that is essential to maintain spermatozoa quiescent before ejaculation (11, 17, 46, 55, 59) . Therefore, both the epididymis and the kidney have similar luminal acidifying functions. This and many other similarities in transport properties that occur in both renal and epididymal tubules have been pointed out previously (33). Accordingly, kidney intercalated cells and epididymal narrow/clear cells have in common a high expression of the vacuolar proton pumping ATPase (V-ATPase) in their plasma membrane as well as in intracellular recycling vesicles. The V-ATPase has two main functions (11, 59) . It is expressed in all cell types, where it is located in intracellular organelles (e.g., endosomes, lysosomes, Golgi) and acidifies their lumen. In intercalated cells, narrow and clear cells, as well as in osteoclasts and interdental cells of the inner ear, the V-ATPase is also located in the plasma membrane, where it is involved in proton extrusion from the cell cytoplasm (2, 6, 9, 25, 49, 50, 56, 58, 59 ). In these specialized cells, regulation of proton secretion is achieved at least in part by recycling mechanisms. The V-ATPase also plays a major role in proton secretion and in energizing other ion transport processes in lower vertebrates and invertebrates, and it is frequently concentrated in specialized "mitochondria-rich" cells in these nonmammalian organisms (8, 61).
SPECIALIZED PROTON-SECRETING cells are located in several tissues that are involved in acid/base regulation. These cells belong to the mitochondria-rich cell family, indicating that they have a high energy requirement to achieve their characteristic functions (8) . Among these cells are intercalated cells (IC) of the kidney (59) and narrow and clear cells of the epididymis (6, 9) . The epididymis is a long, convoluted tubule located downstream of the testis and is the site where sperm mature and are stored (32, 43, 52) . Renal intercalated cells regulate systemic acid/base balance, while narrow and clear cells establish an acidic environment in the lumen of the epididymis, a process that is essential to maintain spermatozoa quiescent before ejaculation (11, 17, 46, 55, 59) . Therefore, both the epididymis and the kidney have similar luminal acidifying functions. This and many other similarities in transport properties that occur in both renal and epididymal tubules have been pointed out previously (33) . Accordingly, kidney intercalated cells and epididymal narrow/clear cells have in common a high expression of the vacuolar proton pumping ATPase (V-ATPase) in their plasma membrane as well as in intracellular recycling vesicles. The V-ATPase has two main functions (11, 59) . It is expressed in all cell types, where it is located in intracellular organelles (e.g., endosomes, lysosomes, Golgi) and acidifies their lumen. In intercalated cells, narrow and clear cells, as well as in osteoclasts and interdental cells of the inner ear, the V-ATPase is also located in the plasma membrane, where it is involved in proton extrusion from the cell cytoplasm (2, 6, 9, 25, 49, 50, 56, 58, 59) . In these specialized cells, regulation of proton secretion is achieved at least in part by recycling mechanisms. The V-ATPase also plays a major role in proton secretion and in energizing other ion transport processes in lower vertebrates and invertebrates, and it is frequently concentrated in specialized "mitochondria-rich" cells in these nonmammalian organisms (8, 61) .
The V-ATPase is composed of several subunits and is divided into two distinct domains, the V 0 domain that contains integral membrane proteins, labeled a, d, e, c, c=, and cЉ, and the V 1 domain that contains cytosolic subunits, labeled A through H (reviewed in Refs. 2, 25, 59 , and 61). In mammals, the a subunit is encoded by four genes (ATP6V0A1-A4) leading to the production of four isoforms (a1-a4). Similarly subunits B, H, and d have two isoforms, and subunits C and G have three isoforms. In addition, one E isoform, originally designated as ATP6E1 and later renamed ATP6V1E2, is expressed in testis and spermatozoa while its homolog, originally designated as ATP6E2 and now labeled ATP6V1E1, is expressed ubiquitously (34, 57) . Kidney IC and epididymal clear cells both have an identical combination of V-ATPase subunit isoforms that are inserted into their plasma membrane. In particular, subunits B1 and a4 are enriched in these cells and can preferentially accumulate in the plasma membrane compared with the B2 and a1, a2, and a3 isoforms, which are mainly located in intracellular structures (16, 47, 48, 50) . While the V-ATPase is located in the apical membrane of type A IC and epididymal narrow and clear cells, type B IC have a more complex phenotype and can have basolateral, bipolar, and even apical V-ATPase. In addition, ICs and narrow and clear cells express distinct transporters involved in their acid/ base regulating function. A-ICs express the chloride/bicarbonate exchanger, AE1, in their basolateral membrane, while B-ICs express a distinct chloride/bicarbonate exchanger, pendrin, in their apical membrane (reviewed in Refs. 11 and 59). Narrow/clear cells express the ubiquitous anion exchanger AE2, and the sodium-bicarbonate cotransporter NBCe1 in their basolateral membrane (46) . All these cell types also express high levels of the cytosolic carbonic anhydrase, CAII. Therefore, while these cells share identical transporters for their common proton extrusion functions, they have also established different expression patterns for partner proteins involved in this process.
To characterize the function of V-ATPase-expressing epithelial cells, we have generated a transgenic mouse model, in which the promoter of the V-ATPase B1 subunit drives expression of enhanced green fluorescent protein (EGFP) (39) . In these mice, EGFP fluorescence is detectable only in cells that strongly express the B1 subunit. These include kidney A-IC and B-IC, epididymal narrow and clear cells, and nonciliated cells of the lung. Intermediate EGFP fluorescence was also detected in nonintercalated cells of the renal connecting segments that also express B1, but no green fluorescence was detected in other cell types, including renal proximal tubule cells, thick ascending limb cells, thin limbs of Henle, and collecting duct principal cells. Similarly, no other cell types in the epididymis were found to express EGFP. Thus, these mice are extremely valuable to characterize the phenotypes of positively identified B1-expressing V-ATPase-rich cells. In this study, we characterized the proteomic signature of B1-expressing renal and epididymal cells isolated by fluorescence-activated cell sorting (FACS).
MATERIALS AND METHODS
Animals. Generation and breeding of V-ATPase B1-EGFP (B1-EGFP) mice have been described previously (39) . Adult B1-EGFP mice were housed under standard conditions and maintained on a standard rodent diet. All animal studies were approved by the Massachusetts General Hospital (MGH) Subcommittee on Research Animal Care, in accordance with National Institutes of Health, Department of Agriculture, and Accreditation of Laboratory Animal Care requirements.
Isolation of B1-expressing cells from the epididymis and kidney. Mice were anesthetized using pentobarbital sodium (50 mg/kg body wt ip). Epididymides and kidneys were dissected and minced immediately with scissors in prewarmed RPMI 1640 medium (Gibco Invitrogen, Carlsbad, CA) containing 1.0 mg/ml collagenase type I (Gibco Invitrogen) and 1.0 mg/ml collagenase type II (Sigma Aldrich, St. Louis, MO). Tissue dissociation was performed for 45 min in a shaking (100 rpm) 37°C water bath. Cell preparations were then passed through a cell strainer with 40-m nylon mesh to remove undigested material, and cells were washed once with RPMI 1640 medium and once with calcium-free phosphate-buffered saline (PBS). Populations of EGFP-positive (EGFP ϩ ) cells from epididymis and kidney preparations were isolated immediately by FACS based on their green fluorescence intensity. Sorting was performed at the MGH flow cytometry core facility using a modified FACSVantage cell sorter (BD Biosciences, San Jose, CA). EGFP ϩ and EGFP-negative (EGFP Ϫ ) cell samples were collected in PBS and used without delay for protein isolation, RNA isolation, or imaging. Cells with intermediate to low fluorescence intensity were discarded to avoid potential contamination of cells that were negative for EGFP, but had a high autofluorescence, in the EGFP ϩ cell preparation. A fraction of each cell sample was reanalyzed by flow cytometry to estimate the purity (Ͼ95%). For liquid chromatography-tandem mass spectrometry (LC-MS/MS) analysis, EGFP ϩ and EGFP Ϫ cells collected in PBS were centrifuged briefly, resuspended in Laemmli sample buffer (10 mM Tris·HCl, 6% glycerol, 1.5% SDS, 60 mg/ml dithiothreitol), heated for 5 min at 99°C, and stored at Ϫ20°C. For RNA isolation, cell pellets were resuspended in RNA extraction buffer (PicoPure RNA isolation, Molecular Devices, Sunnyvale, CA) and stored at Ϫ80°C. For preparation of Cytospin smears, cells were fixed for 2 h with PBS containing 2% paraformaldehyde and stored at 4°C.
Preparation of proteins for LC-MS/MS identification.
Proteins were separated by one-dimensional SDS-PAGE using a 4 -15% gradient polyacrylamide gel (Bio-Rad, Hercules, CA) to reduce sample complexity. Gels were stained with Coomassie R-250 (Pierce Imperial Protein Stain, Thermo Fisher Scientific, Rockford, IL) for 5 min, then washed in deionized water for 1 h, and scanned. Each sample lane was sliced into 19 blocks, from the top of the gel to the dye front. Each block was further minced into small pieces (up to 2 mm 3 ). Proteins were reduced, alkylated, and trypsin-digested in gel as we have previously described (51, 54) . After trypsin digestion, the peptides were extracted with 50% acetonitrile-0.1% formic acid (FA), dried in a Speed Vac concentrator, and desalted using ZipTip C18 pipette tips (Millipore, Billerica, MA). Desalted peptides were dried and reconstituted with 0.1% FA for LC-MS/MS analysis.
LC-MS/MS protein identification. Tryptic peptides were stratified over time by reverse-phase LC (PicoFrit, BioBasic C18 column, New Objective, Woburn, MA) before delivery to an LTQ tandem mass spectrometer (MS/MS, Thermo Fisher Scientific) equipped with a nanoelectrospray ion source. The mass-to-charge (m/z) ratios of peptides and their fragmented ions were recorded as spectra by the mass spectrometer. The spectra with a total ion current Ͼ10,000 were used to search for matches to peptides in a concatenated RefSeq database, composed of forward and reverse protein sequences derived from the National Center for Biotechnology Information on April 1, 2008. The search was performed using BioWorks software (version 3.3, Thermo Fisher Scientific) based on the SEQUEST algorithm, and InsPecT (University of California San Diego, La Jolla, CA). The search parameters included 1) precursor ion mass tolerance Ͻ2 atomic mass units (amu), 2) fragment ion mass tolerance Ͻ1 amu, 3) up to three missed tryptic cleavages allowed, and 4) amino acid modifications: cysteine carboxyamidomethylation (plus 57.02 amu) and methionine oxidation (plus 15.99 amu). A target-decoy analysis was performed to set false discovery rates below 2%. To assess relative protein abundance, we applied spectral counting normalized by molecular weight to correct for the higher probability of peptide identification in larger proteins. SEQUEST search and InsPecT search results were combined in a Microsoft Excel spreadsheet. A 2 -analysis was performed to determine the proteins that were significantly enriched in the EGFP ϩ populations compared with EGFP Ϫ cells. Significance was set at P Ͻ 0.05.
Immunofluorescence. Cell suspensions were fixed in paraformaldehyde before and after FACS and were collected onto microscope slides by cytocentrifugation (Cytospin Shando, Thermo Scientific, Waltham, MA) at 500 rpm for 10 min. Microscope slides were then either mounted in Vectashield medium containing DAPI (Vector Labs, Burlingame, CA), and visualized directly for their GFP fluorescence, or immunolabeled. For immunolabeling, Cytospin smears were rehydrated in PBS and pretreated with 1% (wt/vol) SDS in PBS to retrieve antigen (10) . After preincubation in 1% (wt/vol) bovine serum albumin in PBS to prevent nonspecific labeling, slides were incubated for 90 min at room temperature with an affinity-purified anti-V-ATPase B1 primary antibody (7) diluted in antibody diluent (Dako, Carpinteria, CA). Slides were washed twice in high salt (2.7% NaCl) PBS and once in PBS. They were then incubated for 1 h at room temperature with a donkey anti-rabbit Cy3-conjugated secondary antibody (Jackson ImmunoResearch, West Grove, PA) and washed again. After mounting in Vectashield containing DAPI, slides were examined under a Nikon epifluorescence microscope and images were captured using a Hamamatsu Orca digital camera and IPLab software (BD Biosciences, Rockville, MD).
Electron microscopy. Isolated cells were fixed in 2% glutaraldehyde (in 0.1 M sodium cacodylate buffer) overnight and were rinsed in sodium cacodylate buffer. They were then stained with 2% aqueous uranyl acetate, dehydrated with graded ethanol up to 100%, rinsed with propylene oxide, and embedded in 100% Epon. Ultrathin (70 to 80 nm) sections were mounted on formvar-coated nickel grids, stained with uranyl acetate and lead citrate, and inspected and photographed with a JEOL 1011 electron microscope. Images were acquired using an AMT digital imaging system. RT-PCR. RNA isolation was performed using the PicoPure kit following the manufacturer's instructions. The quantity and quality of RNA samples were assessed using a 2100 BioAnalyzer (Agilent Technologies, Santa Clara, CA). RNA samples were reverse-transcribed for 1 h at 42°C in a final volume of 50 l with 1ϫ buffer II, 5 mM MgCl 2, 1.0 mM each dNTP, 1 U/l RNase inhibitor, 2.5 M random hexamers, and 2.5 U/l Moloney murine leukemia virus reverse transcriptase. Reverse transcription products were used as templates for PCR. The sequences of the PCR primer sets, synthesized by Invitrogen, are listed in Table 1 . Reaction mixtures consisted of a 20 l final volume containing 2 l template, 1.25 units AmpliTaq Gold DNA polymerase, 1ϫ buffer II, 1.5 mM MgCl 2, 1.0 mM each dNTP, and 0.5 M forward and reverse oligonucleotide primers. All RT and PCR reagents were from Applied Biosystems (Foster City, CA). PCR was performed in a Flexigene thermal cycler (Techne, Princeton, NJ) with the following parameters: 8 min at 95°C to activate the polymerase, followed by 35 cycles of melting for 30 s at 95°C, annealing for 30 s at 60°C, extension for 30 s at 72°C, and a final extension for 10 min at 72°C. The PCR products were analyzed by electrophoresis on a 2.5% agarose gel containing GelStar stain (Lonza, Rockland, ME).
RESULTS

Isolation of EGFP
ϩ cells from kidney and epididymis. Significant numbers of EGFP ϩ cells were isolated after FACS sorting from kidney and epididymis cell suspensions (Fig. 1) . Three different batches of EGFP ϩ and EGFP Ϫ cells were isolated from four B1-EGFP mice each time. On average, 330,000 and 120,000 EGFP ϩ cells were isolated from the kidneys and epididymides of these mice, respectively. These samples were pooled to perform proteomics analysis. Thus, a total of 1,100,000 renal EGFP ϩ cells and 360,000 epididymal EGFP ϩ cells, originating from a total of 12 mice, were analyzed. Immunofluorescence labeling of EGFP ϩ cells for the B1 subunit of the V-ATPase showed that they retain their polar- ized V-ATPase expression phenotype during the isolation procedure (Fig. 2) . In addition, electron microscopy showed that EGFP ϩ cells retain morphological features characteristic of "mitochondria-rich" cells after FACS sorting (Fig. 3) . These results confirmed that the cells isolated by FACS are indeed V-ATPase enriched and that their integrity was preserved during the isolation procedure.
RT-PCR analysis showed a high enrichment of the VATPase B1 subunit as well as depletion of aquaporin 9 (a marker of epididymal principal cells) in EGFP ϩ cells isolated from the epididymis compared with the EGFP Ϫ population (Fig. 4) , further confirming that clear cells had been positively selected by FACS. Enrichment of the V-ATPase B1 subunit was also observed in EGFP ϩ cells isolated from the kidney (see Fig. 6 , top: Atp6v1b1).
Mass spectrometry analysis of proteins enriched in the EGFP ϩ cell population compared with EGFP Ϫ cells. To determine the proteomic profile of B1-V-ATPase-expressing cells in the kidney and epididymis, we carried out a comparative proteomic analysis using LC-MS/MS in EGFP ϩ cell samples. Data were compared with proteins that were detected in the EGFP Ϫ cell samples. A total of 2,297 and 1,564 proteins were detected in EGFP ϩ cells from the kidney and epididymis, respectively. These proteins are listed in supplemental Tables S1 and S2 (supplemental data for this article can be found online at the American Journal of Physiology-Cell Physiology website) and are also available at the National Heart, Lung, and Blood Institute Laboratory of Kidney and Electrolyte Metabolism (NHLBI-LKEM) website (http://dir.nhlbi.nih.gov/papers/ lkem/kevcpd/). We then determined the proteins that were significantly enriched in the EGFP ϩ populations compared with the EGFP Ϫ populations in both kidney and epididymis by performing a 2 -analysis of the spectral counts for all proteins detected. Figure 5 summarizes the gene ontology terms for these proteins, listing the 15 most frequent terms in each EGFP ϩ sample, grouped according to their location (cell components), their function, or their role in cellular processes. In both renal and epididymal EGFP ϩ cells, the most abundant group of proteins was located in mitochondria, in agreement with the fact that intercalated cells and clear cells are part of the mitochondria-rich cell family. Interestingly, in both samples the "proton-transporting two-sector ATPase complex," the "hydrogen ion transmembrane transporter activity," and the "proton transport" groups were listed in the top 15 cell components, functions, and processes, respectively. In addition, the "H ϩ transporting ATPase activity, rotational mechanism" group was identified in the top 15 functions group of kidney EGFP ϩ cells. These results are in agreement with the proton secretory function of renal intercalated cells and epididymal narrow and clear cells. We also grouped the proteins enriched in each EGFP ϩ cell population according to their established role in more specific cellular functions (Tables 2 and 3) . Proteins belonging to the acid/base transport group were identified, including several V-ATPase subunits. In fact, among the proteins that were at the top of the list was the V-ATPase B1 subunit in both the kidney and epididymis EGFP ϩ samples, further confirming the enrichment of B1-expressing cells after FACS sorting. Pendrin, which is expressed in B-IC exclusively, and Rhbg (expressed in A-IC) were detected in renal EGFP ϩ cells but not in epididymal EGFP ϩ cells. Similarly, proteins specific for the male urogenital tract, including Crisp 1, Adam 7, and Pebp1 (14, 15, 21, 42) , were identified in epididymal EGFP ϩ cells but not in renal EGFP ϩ cells. In addition, proteins known to be expressed in nonintercalated cells of the connecting segment were detected in the renal EGFP ϩ sample, confirming that these EGFP-expressing cells were also selected during the isolation procedure. These include calbindin-D28K (5) and aquaporin 3 (12) .
Several proteins involved in intracellular trafficking were detected in the EGFP ϩ populations. For example, in renal EGFP ϩ cells, Rab1, Rab1B, Rab2a, Rab4a, Rab5a, Rab5b, Rab5c, Rab7, Rab8a, Rab8b, Rab10, Rab11a, Rab14, Rab18, Rab21, Rab27a, Rab31, and Rab35 were detected in these cells (supplemental Table S1 ). However, only Rab1 and Rab10 were enriched in these cells compared with all other cell types (EGFP Ϫ cells). Similarly, out of several Rab proteins present in epididymal EGFP ϩ cells-Rab1, Rab2a, Rab5a, Rab5b, Rab5c, Rab6a, Rab6b, Rab7, Rab8a, Rab10, Rab11a, Rab11b, Rab12a, Rab14, and Rab35 (supplemental Table S2 )-only Rab5a was shown to be enriched in these cells compared with EGFP Ϫ cells. Of note, the adaptor protein complex AP-1 mu1B, as well as Fasn, a protein that interacts with caveolin-1 in lipid rafts, ␤-COP, clathrin, and NHERF-1 (Slc9a3r1) were all enriched in epididymal EGFP ϩ cells. Several annexins (Anxa4, Anxa6, and Anxa11) were enriched in renal EGFP another protein involved in actin dynamics, was detected exclusively in epididymal EGFP ϩ cells.
Enriched proteins common to renal and epididymal EGFP
ϩ cells. A list of enriched proteins common to both renal and epididymal EGFP ϩ populations is provided in Table 4 . As expected, among these proteins, subunits A, B1, and a4 of the V-ATPase, and gelsolin were present in both samples. Interestingly, the progesterone receptor, Pgrmc1, was enriched in both cell types, as well as the PKA-binding protein, Lrba. Members of the keratin family, keratin 7, 18, and 82, were also identified, of which keratin 82 was uniquely detected in the EGFP ϩ populations compared with their respective EGFP Ϫ samples.
Confirmation of proteins identified by proteomics using RT-PCR. Enrichment of some of the proteins identified by proteomics in the EGFP
ϩ populations compared with the EGFP Ϫ populations was confirmed by RT-PCR. Figure 6 shows higher expression of genes coding for the VATPase B1 subunit (Atp6v1b1), prominin 2 (Prom2), the LPS-responsive beige-like anchor (Lrba), the progesterone receptor (Pgrmc1), annexin A6 (Anxa6), drebrin-like (Dbnl), keratin 18 (Krt18), myosin 6 (Myo6), and the solute carrier organic anion transporter (Slco4a1) in both the renal and epididymal EGFP ϩ samples, compared with their respective EGFP Ϫ samples. In addition, Iqgap1 mRNA was enriched in renal EGFP ϩ cells, and mRNAs coding for prominin 1 (Prom1), and the hydroxysteroid (17-␤) dehydrogenase 12 protein (Hsd17b12) were enriched in epididymal EGFP ϩ cells.
DISCUSSION
The major aim of this study was to determine the proteomic profiles of specialized acidifying cells in the kidney and epididymis. These cells all have in common a high expression of the B1 subunit of the V-ATPase in their plasma membrane, and we used our transgenic mice that express EGFP under the control of the promoter of this subunit (39) to harvest specifically these cells by FACS. An LC-MS/MS-based proteomic analysis was carried out in EGFP ϩ cells, which correspond chiefly to intercalated cells in the kidney and to narrow and clear cells in the epididymis. Results were compared with the proteins detected in the respective EGFP Ϫ cell samples of both organs. To minimize false positive identification, a target-decoy analysis was performed. We also corrected for the higher probability of detecting peptides from larger proteins by normalizing spectral counts to their molecular weight. An exhaustive list of all proteins identified in renal and epididymal EGFP ϩ cells is provided in supplemental data and is available at the NHLBI-LKEM website (http://dir.nhlbi.nih.gov/papers/ lkem/kevcpd/). These new databases provide a foundation for further analysis of the specific functions of specialized acidifying cells in the kidney and epididymis.
Out of the thousands of proteins that were identified in these cells, 202 and 178 proteins were enriched in the renal and epididymal EGFP ϩ populations, respectively. A large number of these proteins are located in mitochondria, in agreement with the high density of mitochondria in renal intercalated cells and epididymal clear cells (8) . In addition, expression of several proteins known to be expressed in B1-expressing cells in both the kidney and epididymis was confirmed in this study. These include subunits of the V-ATPase, such as the B1 subunit itself, and other proteins involved in acid/base transport-pendrin (expressed in B-IC), Rhbg (expressed in A-IC), and Car2 (expressed in both A-IC and B-IC). Interestingly, the membrane-bound Car15 was uniquely detected in renal EGFP ϩ cells. This latest member of the carbonic anhydrase family has recently been described in the mouse gastrointestinal tract (44) and kidney (31) . While the role of Car2 in proton secretion and bicarbonate reabsorption is well established in the kidney, it will be interesting to examine the potential participation of Car15 in these processes. It has to be noted, however, that while this isoform is expressed in several species including rodents, fish and birds, it is absent from humans and chimpanzees (30) .
The presence of calbindin-28K and aquaporin 3 in renal EGFP ϩ cells indicates that connecting tubule cells were also positively selected during FACS sorting, in agreement with our previous report showing expression of EGFP in these cells (39) . Interestingly, the closely related calcium-binding protein, calbindin 2 (also known as calretinin), was also enriched in the renal EGFP ϩ population. These two genes are located in the chromosomal regions where the carbonic anhydrase isozyme gene cluster (CA1, CA2, CA3) is located (45) . While the role of calbindin-28K in calcium reabsorption by the kidney is well characterized (5), the role of calretinin in kidney function is not known. Calretinin is expressed in neurons and cancer cells, including colon cancer cells. It is also expressed in the chick embryonic kidney (18) , but its expression in the adult kidney has not been described previously. Rab5a is located in early endosomes and it will be interesting to determine its potential participation in V-ATPase recycling. Interestingly, while Rab10 is traditionally involved in Golgi export, it was recently shown to interact with myosin V proteins, indicating its participation in vesicle transport along actin filaments (53) . Several proteins involved in cytoskeletal reorganization were identified in EGFP ϩ cells. Of note, the actin remodeling protein, gelsolin, was concentrated in both renal and epididymal EGFP ϩ cells, in agreement with our previous reports showing high expression of this protein in clear cells (1) and intercalated cells (37) , and its participation in the recycling of V-ATPase in clear cells (1) . Pacsin 2, another actin cytoskeleton modulating protein, was enriched in renal EGFP ϩ cells. In addition to its role in actin dynamics, Pacsin 2 has recently been proposed to modulate the formation of microtubules (27) . Similarly, Cdc42 and its downstream effector, Iqgap1, two proteins also involved in actin and microtubule remodeling, were enriched in the renal EGFP ϩ cells. The presence of Iqgap1 in these cells correlates with its colocalization with AE1 in the basolateral membrane of type A intercalated cells (36) .
Active recycling of the V-ATPase is accompanied by marked alterations in the shape of renal type A intercalated cells and epididymal clear cells. Accumulation of the VATPase in their apical membrane correlates with extensive elongation of microvilli, which contain higher numbers of the pump, and increased proton secretion (11, 46, 55, 59) . Interestingly, several proteins involved in membrane dynamics were detected in these cells. For example, prominin 1 and 2 were enriched in epididymal EGFP ϩ cells, and prominin 2 was enriched in renal EGFP ϩ cells. These proteins are cholesterolbinding proteins that participate in the formation of membrane protrusions (13, 23) . Prominin 1 is highly expressed in the kidney and epididymis, where it is restricted to the apical membrane of epithelial cells (22, 24) , while prominin 2 is present in both the apical and basolateral domains of MDCK cells (23) . Interestingly, prominin 1 and 2 can be released into the extracellular space and are associated with membrane particles that are present in the urine, saliva, and seminal fluids (23, 38) . The physiological role of these particles, referred to as "prominosomes," has not been elucidated, but microvilli have been proposed to be at the origin of these prominosomes (23) . In the epididymis, prominin 1 is a highly glycosylated protein that has been localized to the stereocilia of principal cells (22) . In the present study, while prominin 1 was identified in the epididymal EGFP Ϫ sample, which contains principal cells, we detected an enrichment of this protein in the EGFP ϩ population showing its expression in clear cells also. Several prominin 1 splice variants have been identified (22) , and characterization of the splice variant(s) expressed in these cells will require further studies.
Renal intercalated cells and epididymal clear cells have a very high rate of endocytosis. While this process is partially due to the active recycling of the V-ATPase in these cells, clear cells were also proposed to help in clearing the luminal content of the epididymis of proteins that are shed from spermatozoa as they transit through this organ (28, 40) . In agreement with this notion, Hdac6, a protein involved in fluid-phase endocytosis (26) , was detected in these cells. In addition, the sperm surface protein, Crisp1, was enriched in the epididymal EGFP ϩ cells, while we have shown by RT-PCR that these cells do not express Crisp1 mRNA (data not shown). These data further support the notion that clear cells might contain "foreign" proteins that have been internalized for degradation. While thousands of proteins were detected in renal and epididymal EGFP ϩ cells, only a few hundreds were shown to be concentrated in these cells compared with their respective EGFP Ϫ samples. Among these proteins, only a few dozen were common to both EGFP ϩ preparations. This shows that while V-ATPase-rich cells of the kidney and epididymis do share a common function (transmembrane proton transport), they are nevertheless very distinct cells expressing specific sets of proteins. Interestingly, in addition to the proteins known to be expressed in these cells (V-ATPase, gelsolin, etc.), novel candidates were identified in this study that might play a role in their common acidifying function. These include the progesterone receptor, Pgrmc1, which is highly enriched in both renal and epididymal EGFP ϩ cells. The putative PKA-binding protein, Lrba, which participates in endosomal transport (19, 20, 60) , is another potential candidate for the regulation of V-ATPase recycling in these cells. In addition, a protein involved in estradiol production, Hsd17b12 (4), was detected uniquely in the epididymal EGFP ϩ population. Epididymal epithelial cells express estrogen receptors and are regulated by estrogens in addition to androgens (29, 62) . The present study thus points toward a potential role for clear cells in the hormonal regulation of the male reproductive tract. Interestingly, both of the ammonia-producing enzymes, glutaminase 1 and 2, were detected in renal EGFP ϩ cells. This might indicate the potential participation of intercalated cells or connecting tubule cells in the production of ammonia in the kidney, which is currently attributed to proximal tubules (35) .
The proteins identified here will, therefore, constitute the targets for future studies on the regulation of the acidifying function, or other functions, of these cells. It has to be noted that while the LC-MS/MS approach is extremely useful to detect many proteins in a particular sample, some proteins remained undetected or their detection was below the level of confidence set during statistical analysis. This is the case for prominin 2, which was detected exclusively in the renal and epididymal EGFP ϩ cells and not in their respective EGFP Ϫ samples, but was marked as "nonsignificant" in renal EGFP ϩ cells (see Table S1 ). Subsequent RT-PCR analysis correlated with the high expression of this protein in both renal and epididymal EGFP ϩ populations. On the other hand, our proteomic analysis was very accurate in determining whether or not a given protein was enriched in the EGFP ϩ cells compared with EGFP Ϫ cells. For example, the drebrin-like protein, Dbnl, was detected in both renal and epididymal EGFP ϩ cells, but it was significantly enriched only in renal EGFP ϩ cells and not in epididymal EGFP ϩ cells. These results were confirmed by RT-PCR confirming the high accuracy of the 2 -analysis performed here.
In summary, while both renal intercalated cells and epididymal clear cells do share some common features and functions, including active proton transport, they are nevertheless very distinct cells that express individual sets of proteins. These cells have well-established roles in the maintenance of 1) systemic acid/base balance (intercalated cells) and 2) an acidic luminal environment that is essential for sperm maturation and viability in the epididymis (clear cells). This is reflected by their common expression of the V-ATPase, and proteins involved in cytoskeletal rearrangement (e.g., gelsolin). A novel common candidate for the regulation of these cells is the progesterone receptor, which was enriched in both cell populations. Further studies will be required to determine the role of progesterone in their regulation and, in particular, whether this hormone modulates V-ATPase-dependent proton secretion. In conclusion, we provide here the first comprehensive protein expression profiles of specialized V-ATPase-B1-expressing cells in the kidney and epididymis. These proteomic databases provide a unique framework for the future characterization of the common and distinct functions of these specialized acidifying cells.
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